


Disclaimer

Because USP text and publications may have legal implications in the U.S. and elsewhere, 

their language must stand on its own. The USP shall not provide an official ex post facto 

interpretation to one party, thereby placing other parties without that interpretation at a 

possible disadvantage. The requirements shall be uniformly and equally available to all 

parties.

In addition, USP shall not provide an official opinion as to whether a particular article does or 

does not comply with compendial requirements, except as part of an established USP 

verification or other conformity assessment program that is conducted separately from and 

independent of USP's standard-setting activities.

Certain commercial equipment, instruments or materials may be identified in this 

presentation to specify adequately the experimental procedure. Such identification does not 

imply approval, endorsement, or certification by USP of a particular brand or product, nor 

does it imply that the equipment, instrument or material is necessarily the best available for 

the purpose or that any other brand or product was judged to be unsatisfactory or 

inadequate. 2
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– Introduced in USP VIII (1905)

– Consists of three procedures, all involving

–Sulfide precipitation of metals 

–Visual comparison to lead standards

– USP efforts to revise USP <231> started in 1995

USP <231> Heavy Metals
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– Difficulties in reproducibility

–Monitor solutions/standards change with time, recovery issues

– Difficulties with reagents – safety issues

–All procedures generate H2S (USP via thioacetamide reaction with base).  H2S more toxic 

than cyanide

–Thioacetamide not allowed in California and several European countries (EP uses Na2S)

– Nondiscriminatory screening test

–Not element specific

–Sensitivity varies by element

–Only a few elements respond at required sensitivities

– Visual comparison test 

– Limits based on visual acuity, not toxicology

USP <231> Heavy Metals-Issues
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– Delete USP <231> Heavy Metals

– USP <232> Elemental Impurities – Limits 

List of elements with options for determining compliance

– USP <233> Elemental Impurities – Procedures 

Two compendial procedures

Validation/Verification

– Chapter for dietary supplements, USP <2232>

Addresses speciation (toxic vs. nontoxic forms of As, highly toxic form of Hg, occurring in     

botanicals and fish-based products but seldom in pharmaceuticals

USP’s Approach
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– USP is proposing an approach to elemental impurity 

control that is both health based and risk based

–Control metals that are toxic

–At limits that are toxicologically relevant

–At all times during a drug product’s shelf life 

–With a risk-based approach as to what and when to test

USP’s Approach



USP General Chapter <232> 

Elemental Impurities-Limits



 Applies to drug products 

– Drug substances 

– Excipients

 Biologic Drug products containing:

– Purified proteins and polypeptides, their derivatives, and products of 

which they are components (e.g., conjugates) 

– Synthetically produced polypeptides, polynucleotides, and 

oligosaccharides.

USP <232> Scope



 Does not apply to:

– Radiopharmaceuticals

– Vaccines

– Cell metabolites

– DNA products

– Allergenic extracts

– Cells, Whole blood, cellular blood components or blood derivatives including plasma and 

plasma derivatives

– Products based on genes (Gene Therapy)

– Cells (Cell Therapy)

– Tissue (Tissue Engineering)

– Dialysate solutions not intended for systemic circulation, and

– Elements that are intentionally included in the drug product for therapeutic benefit

– Dietary supplements

– Veterinary products 

– Total parenteral nutrition's (TPNs) 11

USP <232> Scope



 Known to be present, 

 Have been added, or 

 Have the potential for introduction,

When Elemental Impurities are..



.
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Table 1: Permitted Daily Exposures for Elemental Impurities



.
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Other Dosage Forms:

• Consider the oral PDEs, in Table 1, as a starting point in developing 

specific PDEs for other routes of administration except where otherwise 

stated in an individual monograph.

Other Dosage Forms
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Element Class

If Intentionally Added

(All Routes)

If Not Intentionally Added

Oral Parenteral Inhalation

Cd 1 yes yes yes yes

Pb 1 yes yes yes yes

As 1 yes yes yes yes

Hg 1 yes yes yes yes

Co 2A yes yes yes yes

V 2A yes yes yes yes

Ni 2A yes yes yes yes

Tl 2B yes no no no

Au 2B yes no no no

Pd 2B yes no no no

Ir 2B yes no no no

Os 2B yes no no no

Rh 2B yes no no no

Ru 2B yes no no no

Se 2B yes no no no

Ag 2B yes no no no

Pt 2B yes no no no

Li 3 yes no yes yes

Sb 3 yes no yes yes

Ba 3 yes no no yes

Mo 3 yes no no yes

Cu 3 yes no yes yes

Sn 3 yes no no yes

Cr 3 yes no no yes

Table 2: Elements to be considered in the Risk Assessment



– Drug Product Analysis Option 

– Summation Option 

– Individual Component Option

Options to Determine Elemental Impurity Content
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– Drug Product Analysis Option

• “Generally Applicable”

–The results obtained from the analysis of a typical dosage unit scaled to a 
maximum daily dose.

–Daily Dose PDE > measured value (µg/g) x maximum daily dose (g/day)

–Analyzing the drug product -- includes potential metal contamination via 
processing equipment.

Drug Product Analysis Option



 Daily Dose PDE > (∑
M
(CM  WM)) x DD

– Where:

M  = each ingredient in the dosage form

CM  = element concentration in that component (µg/g)

WM = weight of component in a dosage form (g/unit)

DD  = # units in maximum daily dose (units/day)

Summation Option



– Individual components easier to assay than final drug product, 

which is a mixture

– Avoids finding metals contamination after a large batch of product 

has been made

– Characterize a large batch of a single component, and then results 

for that batch may be used for multiple products, avoiding the need 

to reanalyze it

Summation Option-Advantages



– Requires analysis of multiple components, thereby 
significantly increasing the number of samples to be
analyzed.

– If there are multiple vendors for a single component, each 
vendor’s material must be analyzed.

– Still need to consider potential contributions from 
manufacturing equipment, etc.

Summation Option-Disadvantages



.

Table 3: Permitted Concentrations of EI for Individual Component Option



USP General Chapter <232>

Key changes in PF 42(2)



Key Changes …



 Drug substances and Excipients

The limits presented in this chapter do not apply to excipients and drug substances, 
except where specified in an individual monograph. However, elemental impurity levels 
present in drug substances and excipients must be known, documented, and made 

available upon request.▪However, manufacturers of pharmaceutical products need 

certain information about the content of elemental impurities in drug substances or 
excipients in order to meet the criteria of this chapter. Drug product manufacturers can 
use elemental impurity test data on components from tests performed by drug substance 
or excipient manufacturers, who may provide test data, or if applicable, risk 
assessments. Elemental impurity data generated by a qualified supplier of drug product 
components are acceptable for use by a drug product manufacturer to demonstrate 
compliance with this chapter in the final drug product. Drug substance or excipient 
manufacturers who choose to perform a risk assessment must conduct that risk 
assessment using Table 2 in this chapter. Elements that are inherent in the nature of the 
material, as in the case of some naturally-sourced materials, must be considered in the 
risk assessment.▪1S (USP40)

 

Key Changes …



.
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ANALYTICAL TESTING

– If, by process monitoring and supply-chain control, manufacturers 

can demonstrate compliance, then further testing may not be 

needed. When testing is done to demonstrate compliance, proceed 

as directed in Elemental Impurities—Procedures ⟨233⟩. and 

minimally include arsenic, cadmium, lead, and mercury in the Target 

Elements evaluation.▪▪1S (USP40)

USP <232> in PF 42(2)



Update on other Chapters Impacted by the 

deletion of USP <231> Heavy Metals



– Element Specific chapters

– Water Chapters

– Packaging

– Development of New chapters

27

Other chapters..
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Stim Article in PF 42(4)

STIMULI TO THE REVISION PROCESS 
Stimuli articles do not necessarily reflect the policies 

of the USPC or the USP Council of Experts 

Future of Element-Specific Chapters in the USP–NF 

USP’s Chemical Analysis Expert Committee and Kahkashan Zaidia 
ABSTRACT 

The Chemical Analysis Expert Committee (CAEC) is evaluating the idea of removing 
element-specific chapters and limit tests in monographs from the USP–NF. The CAEC 
is considering the effect of this proposal, as well as the effect of retaining these chapters 
and limit tests. The CAEC strongly encourages comments and discussions regarding 
this proposal. 

Other Element Specific chapters in the USP–NF
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a. USP <211> Arsenic

b. USP <251> Lead

c. USP <291> Selenium

d. USP <261> Mercury

Element Specific chapters



1. Limit tests and references to element specific chapters are included in about 
1000 monographs.

2. What will be the future of USP chapters that provide specific information 
regarding the analysis of individual elements, such as arsenic (As) [Arsenic 
〈211〉], lead (Pb) [Lead 〈251〉], selenium (Se) [Selenium 〈291〉], mercury (Hg) 
[Mercury 〈261〉], and others? 

3. What about USP monographs that may have limit tests for specific elements 
and refer to their respective element-specific chapters for methodology (see Table 
1)? 

4. What about USP monographs that include limits for specific elements that differ 
from the limits established in 〈232〉?

30

Element Specific chapters
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Element Specific chapters



 Elemental Impurities in Pharmaceutical Waters – Stimuli to the revision process 

article –

• Purified water or 

• Water for injection 

 USP <1231> Water For Pharmaceutical Purposes – Revision in progress 
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Water and Elemental Impurities



– USP <661> Series

– USP <381> Elastomeric Closures For Injections 
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Packaging Chapters



1. USP <730> Plasma Spectrochemistry

2. USP <1730>

3. USP <735> XRF

4. USP <1735> 
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Other Chapters..



Harmonization



.

Q3D USP Ph. Eur JP

Terminology Elemental 

Impurities

Elemental 

Impurities

Elemental 

Impurities

Elemental 

Impurities

Scope Harmonized Harmonized

(Exception: TPNs)

Harmonized Harmonized

List of Elements 24 24 24 24

PDEs Harmonized Harmonized Harmonized Harmonized

Other Routes Harmonized Harmonized Harmonized Harmonized

Options Harmonized Harmonized Harmonized Harmonized

Harmonization



 Harmonized analytical procedures should be established by the 

pharmacopoeias for determining levels of metal impurities, with allowance 

for use of any appropriate validated procedure for a particular application.

USP Ph.Eur. JP

USP <233> Elemental Impurities—

Procedures

2.4.20 Determination of Metal catalyst or 

Metal Reagent Residues

----

Flexible Flexible ----

Sample Preparation Sample Preparation ----

Procedures ---- ----

Validation requirements Validation requirements ----

Harmonization through PDG Harmonization through PDG Harmonization through PDG

Harmonization



Elemental Impurities:  Implementation Plans



5.60.30. Elemental Impurities in USP Drug Products 

and Dietary  Supplements                                                                     

•elemental impurities in official drug product are controlled to the principles 

defined and requirements specified in Elemental Impurities—Limits 〈232〉.
elemental contaminants in official dietary supplements are controlled according to 

the principles defined and requirements specified in Elemental Contaminants in 

Dietary Supplements 〈2232〉. 
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General Notices..



Elemental Impurities – Procedures

USP <233>



 USP <233> Elemental Impurities - Procedures 

– Definitions/Appendix

– Sample Preparation

– Compendial Procedures 

–Procedure 1: ICP-OES

–Procedure 2: ICP-MS

– Validation

–Limit Procedures

–Quantitative Procedures

USP Chapter <233> - Outline



Validation:

 Limit Test
̶ Detectability
̶ Repeatability
̶ Specificity

 Quantitative Impurity Test
̶ Accuracy
̶ Precision

̶ Repeatability

̶ Ruggedness
̶ Specificity
̶ Limit of Quantitation, Range, and Linearity

42

Alternate Procedures



Risk Assessments
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 USP & ICH Q3D ADVOCATE A RISK-BASED APPROACH

 Start with complete understanding of process, raw materials, etc., rather than 
starting with testing!
– Survey vendors who supply reagents, solvents, etc. 

– Know how raw materials are made

– Determine if any elements on USP/ICH list are intentionally added either in manufacture of 
reagents, solvents, raw materials OR via your synthesis

– Know the quality of the water being used

– What is the dosage form?  Include elements in risk assessment required by certain dosage 
forms

– What is the maximum daily dose?

– What data do you ALREADY have?

– Do you have adequate change control procedures in place?

– Testing everything for everything is not really a risk assessment

Risk Assessment



 The Fishbone Diagram:

– API and Excipients considered most likely sources for EI 

contamination for most dosage forms 

– Diagram starts with API, but other components should be 

assessed for contribution to overall risk

Starting 
Materials and 
Reagents

Equipment 
Exposure

Container 
Closure

Components of Risk Assessment



 How to Begin Looking at Risk Assessment?

– Analysis of the synthetic Route:  Assess route for 

Intentionally-added EIs and those known to be introduced 

by starting materials

– Outline of Testing Strategy for Development Lots

Route of 

Administration

Class 1 Class 2A Class 2B Class 3 Intentionally Added

Oral x x x

Parenteral x x x x

Risk Assessment-How to start



© 2017 USP
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FDA draft guidance



 Heavy Metals USP <231> must be replaced

 USP chapters <232> and <233>,
– Effective from Jan. 1, 2018

 USP <232> Elemental Impurities – Limits 
– Toxicological basis for limits
– Options to determine compliance
– Elements and limits essentially the same as the ICH- Q3D Guideline

 USP <233> Elemental Impurities – Procedures 
– Two compendial procedures provided
– Validation Criteria for Limit Test and Quantitative alternative 

procedures

Summary



USP-NF

 ICH Q3D

FDA draft guidance
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